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TREND OF AIRPLANE FLIGHT CHARACTERISTI CS*

By Joaachim von Kgppon
I. INTRODUCTION

The development of airplane fllght characteristics
(in contrast with the measurable performances) can be per-
ceilved directly by the pilot alone., The purpose of my
lecture, however, i1s only to indicate the trend of this
development, the obJect of which is to lncrease the safe~
ty of flight, and to explailn in detall the most important
problems. In connection with the resultas of flight toests
it wlll be shown that a series of values which determine
the characteristics of an airplane car bo reasured, thus
making 1t possidle to follow and to lnfluence systomatice
ally the direction of development,

Ailrplane performances can boe expresseod numerlcally,
Henceo the state of development and the degree of progress
attelned can always be recognized. Likewlse the direction
of future development is clearly indicated. This direc-
tlon 1s chilefly determined for commercilal aviation by the
problems of increasing the maximum speed, without greatly
increasing the minimum speed, flight range, and economy of
operation, .

The development of the flight characteristics of coa-
trollability and stability can be perceived directly by
the pilot alone, despite.the possidility of measuring some
of the values which determine them. It will be very dif-
ficult for manyone else to recognize improvomeants in theo
flight charactoristics or establish any deflinite trend.
There is such a trend, howover, 1ts goal being incroeasod
safety, '

In what follows I shall describe the development of
airplane characteristics since the war and indicate the-

*"Die Entwicklungerichtung der Flugelgenschaften." 4 lec—~
ture deliverednat the ananual moeting of the Deutsche Ver—
suchsanstalt fur Luftfahrt in Berlin, November 26, 1932.
Z.,F.H., Soptember 28, 1933, ppe. 505~510.
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direation I expect thils development to teke in thoe inmoedi-
ate future. I shall coasider several problems whigh nood
to be solved., I am indedbted to. my colleaguo, .¥. Eubnor.
for sovoral valuablo snggostione. )

II. DISCUSSION

l, The Bohavior of an Alirplano about Its Lateral Axls

. 1 'will firet consider the behavior of én airplane
with reference to 1ts lateral axls, l.0., 1ts lonzgitudinal
stabllity and controllability, A4t the end of the waer,
commerclal aviation was in a state of development result-
ing from the endeavor to obtaln greater maneuverabllity.
The stability about. the lateral axls was purposely kept,
small or even nagative- the fuselege was gemerally short'
the tall surfaces had small aspect ratios. .The control
syrfaces had large balancing areas which, due to their
form, were often inefficient. It was known that increased
8tablllity meant incremsdd safety. It was sought however,
only on .large airplanes which did not roquire any high de-
gree of maneuverability, Prescant-day alrplancs have rol-
atively great stablility 1in crulsing with froee elevator,
i.e.. with small 1ift cdefflclents. This stability was
obteinod chicfly by shifting the contor of gravity forward,
Ia rocont airplanos tho contoer of gravity lies ‘between 15
_and 35 percent of the mean wing chord, whlle nore than 4Q
percent was common at the end of the war. The tail sui="
faces of present alrplanes have large aspect ratios. Long
fuselages .are constantly increasing in favor, The nova~-
"ble tall surfaces have approximately the best relative di-
mensions. The control surfaces are so well balanced (for
“the nost part internally) as to require very small contrdl
forces, even on the larzest airplanes.

Figure 1 compares typlcal o0ld and new alrplane deslgns.
The upper left-hand diagram represents a two-place gbser-
vation biplane of 1917Y; the upper right-hand dlagram, &
. two-seat 1932 sport eairplane. The two lower dlagrpms afw
ford a comparison of a 1921 airplane (left) and a 1931
commercial ailrplane. In order to faclilitate comparison of
fuselage lehgth and wing span, the scales of ‘the different
-drawingd weroe 'so chosen as to ma:e the apans of all four -
alrplancd equal. The differoncos in the dgpect ratios of
tho control surfaces .and in the rolativo size of the nove
able parte are very notlceoablo, Tho oloevator of the uppor
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1e£t—hand airplane has the triangular lateral balancing
surfaces  whlch were dlmost univorsal toward the end- of tho
wany- +JJhe -older - air@lanee bed wide.alloroas..of short &pan,
whilo the rocent airplanes have narrow ailerons witi 'a
span equal Yo about two thirde of the wing epan. which 1is
approximatoly the boest value. :

Great valuo 1s now attached to the requirament that.
wilth free controls, the epeed at which trim. is obtained: '
wlth normal engine powér be not. greatly different from ::v
‘that obtained with the engine throttled., With the “stabildz-
er adjustment set for level flight at. crulsinz speel, -the:
trimmling speed with the eagine 1d1ing and.the elovatur .-free
must not be moro than 120 percont of. the maxirmum horizoh~
tal epecd. Tals requirement can be briefly illuetrated'by
an- example., Suppose ‘the maximum horigontal  speed of.an: I
airplane at full throttle 1s about 200 km (124 miles).pé®’

--houre. The nornal eagine output will then yleld a horiion—
tel sreed of about 180 Xm (112 miles) per hour. At this-
8peed the alrplane rust be trimned so that it will fly hbr-
Lzontally with the elevdtor free, .If the engine is throt-~
tled, then, with the ‘elevator free. the alrplane will® ae—“
.surie another condition of equilibrium, at which (the dia<
bilizer adjustment and the locatlon of the c.g. remaining
the same) tho speed will ba groatoer than that for nornalk -
engine power. This epood mist ‘not exceed 120 percent of -
the maximum horizontal epeed (which. in thils example; wde
assumed to be 200 kn/h), 1l.e., 240 km (149 miles) per Hdkr.
This requirement must he fulfilled.for all perrnissible po-
sttions of the center of gravity of the alrplanc, It ie-—
also requisite that, even with the nost advanced poeition—
of tne ce.gs, tall landings shall be possible without =~ '~
changing the etabilissr adJuetment. . ) 3

««- Since the:- 1ocation of the Cege, ©8pocially in paeeen-
ger elrplanes, changes greatly with the load distridbution,
the roguired stability conditions must be fulfilled for a
very groat c.gs rango. On comnercilal airplanoe this range
ls about 9 porcent of the ;:can wing chord. - Ono of the lat-
est comnmercial airplancs ig airwortlhy for locations of tho
CeZe botwoen 21 and 33 percent of tho noan wing chordy i.o..
for o rango- of 12 poroont. Tho raage 1s even- -groeater, .-
namoly, l4 porcent of the' nean.ﬂing chorpd. (fron. 15 to.- 29- :
percont) in o:c of-t 16 neweet port airplanes, - - v

Thie variability of the cege with the 1oading uuet
be lessened in future. The flight characteristics are af=
fected in varying degree by the loocation of the c.g. Eence
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it 1¢' not possidle to determine perfectly.the characteris-
‘t1cd: of:.an -airplanhe for so great a rango of the c.gs loca-
$iop, : The best characteristics of each alrplane are fully
attainable for: only & single locatlion of the 'c.ig.  O0f "
course thig. does-not mearn that an alrplane with only a.
small range of c.ges location willl necessarlly have. better
rlight charaoteristics than one with a 1arge range.

The proﬁlems. which still. need to be solvad with Te~
spect "to the. statlic -stabllity and controllability -about
" the Iateral axis for improving the safety, are made obvi-
ous” by plotting the characteristics. of a recent alrplane
" on the ‘basls of flight tebtss In figure 2, the 11ft coef-
f4clent ‘1s plotted agalnst the elevator deflection for
‘faXl throttle and for closed throttle. "There is a strik-:
ing difference in the 'course of the elevator—deflection
curves. for. full throttle and closed throttle. At full :. .
‘throttle the attainment of maximum 1ift by commercial. air-
planes is never necessary. On the contrary, the danger of
-Zinvoluntary gtalling must be avolded. The .tests .-showy how=
-gver, that vary small elewvator deflections suffice to . gf=
fect great changes in tho l1ift. Tho variation in the 1ift
is great in the vicinity of. the maximum 11ft, * The attain-
ment of the maximum 1l1ft 18 easily posaidble, as likewlso
the unintontional oxcoeding of the same., Slight variations
id. the elevator deflectlon may producs -great .accelerations
aud- consequent great stress®s 1n pulling up from level
."f11ght or pulling out of dives.. On the codtrary, with
‘closed throttle, when, especially in landing, the easy at~
tainment of the maximum 1i1ft is necessary, a great deflec~
tion of the elevator 1s.required, With closed throttle
the variatlon in the 1ift, with variation.-in the elevator
deflection, diminighes with increaslng lift. The cause
of the difference in the course of the curves with full
‘throttle and with closed throttle is to be sounght in the
varying degree of stabllity and dynamic pressure on the
elevator. The degree of ‘stabllity 1s represented in fig-
ure 3, ' It can be seen that, with lncreasing lift, the
- 8tabllity decreases with full throttle. whila 1t increases
.with closed throttle. .

Figure 4 showe the effectiveness of the elevator with
full throttle and ‘with closed throttle. In the latter
case the effgctiveness of the etevator is falrly constant.
It 1s considerably greater at full throttle than at closed
throttle and increases greatly with the .1i1ft. This in-
creas® in the elevator effectlveness  is due to -the fact

- that, with -decreasing flight speed, ‘there is an increase
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in the ratlo of %he'dineﬁié pressure in the propeller slip-
stream to the dynamlc pressure of flight., ¥rom the rela-

" tlons shown, it follows that improvements will be obtaihed

by reducing the 1nf1uenee of the propeller slipstream on
the stablllty and on the elevator effectivenesa and dy in-
creasing the elevator effectiveness when flying with the

' engihe throttled,’

.Eepecially on'low—éing monoplanes, the maxlmum 11ft
is emeller wlth closed throttle than with full throttle
and, due to thé blanketing effect of the 1dling propeliler,
is also smaller than without tho propeller. Likewlse the

"slope of the 1ift curve dcg/da 18 greater with full

throttle than with closed throttlo. Since tho magnitudo of
the varlatlon of 11ft due to change of direction of flow
increases with the increasse 'of. slope of the 1ift curvo,
tho streseses resulting from gusts would be greater in hor-
izontal flight than in glidling fllght wilth 1dling engilne
and the same épeed, The problém of wing stresses from
gusts has yet been but partially solved. Important con-
cluglons were reached, however, from 'fligzht tests under
the supervision of my colleague Dr, Taub, some of which
wore made in .very stormny weather. Indlvidual stresses
from guste were measured, which were as much as 2.2 timeg”
thoge occurring in unaccelerated flight. If the airplane
had been flown at the maximum speed, the correeponding
factor would bde about 2.5,

The stabllity of German airplanes is greater with the
elevators free than with them fixed, This is the result '
of the moment due to the weilght of the controls, which are
seldom balanced and then only on stunt-flylng airplanes. .
It is to be expected that in future these momonts .will bo
balanced on all alrplanes, as they are now in England,
This would result 1ln equalizing the stadllity with released
and with fixed controls and in a reductlon of the contril.
forces, This reduction 1s considerable, especially in
curvilinear flight, for the following reason. If the mo-
ments due to the weilght of the controls are not balanced,
1,845 if the c.ge 0f the elevator lies behind the axis,
then these moménts will increase in curvilinear flight,
due to the centrifugal acceleration, and result in nose-—
heaviness., The trimming condition with free control 1is
thus shifted to smaller anglos of attack, instead of to
greater, as would be desirable for flylang steady curvos.
This. chaﬂge takes place in the desired .diroctioén, .howevor,
when thoé tege of the eloyator lies in. Pront. 6 the axls.
Ii this Jocation of thé c.g., not énly cen curvilinear
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“flighte be made without any noeemheavineee. but even eteady
curves can be flown with free elev&tor.

» " The bebavior of -an airplane after d¢lsturbances ls af-
'feoted .not only by the. static stability, but also by the
damping, The damping about the lateral .axis 1s greater
with flxed than with free slevator. Figure 5 shows the
eourse of the dynaqic ressure aft{er a disturbance, once
with free and .once. wilth flxed elevator. In both cases
the magnitude of ﬁhe.dieturbanoe. -the moment of inertia,:
" and the. rearward location of ‘the girplane c.g. were about
the same. fhe vibrations die out much faster with flxed
then with free elevator, .showing that the damping 1is great-
1n the former cases . Lan

- "The great damping with fixed control might be uxil-
1:ed by the: adoption of devices for the flxation of the "
elevator. In commercial flying the pilotl's task consists
principally in keeping the speed of the alrplane constant.
Test flights showed clearly how easy this can be when the
elevator. position: 15 kept constant by locking the control,
The use of lacking devices can relieve the pilot more ‘than
anything else, even. in blind flying. Locking devices were
already. in uee during the ware They were applied, howev-
er, to.the control-stick and not to the elevetor,.as is
desirable for the elimination of elastitity and- the play

in the control eyetem.

The greater the demping about: the lateral axls, thse
sooner an airplane with fixed centrol willl come to res?t
after disturbances and gustse It is often endeavored to.
increase the damping by the use of longer fuselages.. The
‘endeavor of the designer to increase the magnitude of the
damping by lengthening the fuselage 1ls opposed tao the en-
deavor of the operator to utilize the fuselage largely -.
for atowing loads.,. This increases the moment, of inertias
about the lateral axis and nullifies the 1mprovement

eought in 1engthen1ng the fuselage.

During flight the control eurfacee undergo rapid and
qpite strong vibrations. about: their- axes. ‘Deflections
up to about one,degree were: obeerved in flight tests,
Yibration damgers are needed to eawe wear and fatigue of"
the controls., . ;.- ..- . CToe L C e

. The’ effective elevator range ehonld allow,complete
uﬁilizatlon of the wing 11jt,,bu$ there-.must  be. stability
about the lateral axls even with the maximum elevator de~




‘at“Iow spe

N.A.C.A, Techniocal Memorandum No, 731l 7

flection. Thers must be-no instadbility about the lateral
axlg, ag h_g?ens with present-day airplanes, gecially
éd, “dué to changes i1n the diregiion of the down-

wagh from the separation of the .£low in ghe ‘middle of the
wing. Thie: reguirement, which is, of course, valid for
all loading condlitlons and popitions of .the throttlo, now
secms to be impossible of. fulfillment qlthough. ap Tre-
gards safety, -1t 1s one of the most 1mpo:tant tagks of tbe
future, - . . . .

. . .. . . . s ;i.
- ‘The longitudingl stablllity .of airplanes has been .-
gradually improved and has already attgined quite a high:
degrees The characteristics of airplanes have been -ime ::
proved with the stabllity, with no .acecompanying disadvap—
tagese It is not known, however, whether the character—;
istice willl De still further improved by further increages
in the stabllity.. Yery great stability may posesibly aen- .
tall less favorabdle flight c¢haracteristics. It is con-:-
celveble that a very stable alrplane would develop longil-
tudinal oscillations and.piteh violently. ln gusty weathor.
The question &s to whether -ingreasing- the stadllity would
entail such disadvantagaes, must be -answered in ordor to
declde whother furthor incresse in stability is to bo
striven for as the directlon for future,dovelopment. TFor
this purpose and on the rocommendation of tho D.V.L., tho
German Goverament has ordered an airplane with exception-
ally groat longitudinal stability, about five timeg as
great as tho preseat maximum, With this airplano, it 1s
expocted to determine what flight characteristlcs, waat
advantages and disadvantages are possessed by such stablo
airplancs. In this alrplane, morcover, the distanco from
the elevator to the c.ge (that is, the damping adout the
lateral axis). 1s varilable. Honce the effect of the dampw=
1ng._eqpocia11y on . the behavior in guaty weather, caxn:be
1nvest1gated.._ R o

Airplaneq. for which groat maneuverability ia the
prime requisite, will have less stability than hitherto..
Great stablility with fixed elovator reduces the angle—~of-
attack. range attainablo with the available up and down

deflections of the elevetor. Great 8tabllity with free

elevator comtrol may favor tho occurronco of great accele
ergtions in pulling up from.level flight or pulling.out of
dives, If, for example, the control is released when the
airplane 1s in the attitude of diving, 1t will level off .
auntomatically. The leveling off follows more qulckly the
greater the atability with free elevator control. During
the leveling off, ptresses of considerable magnitude may
develope.
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In thie connection, attention 1s called to a common
érrotsi Phé view iucoften wxpressed that great elevator:
control-furces:n¥e s gure prétection dgainst too sudden -

~kgvolding off,.: It~ is therefore recommended to balancd the
elévator-only a little or not at all. This view, howev~
exri.is not ‘necessarily correct.. In wery many instances
the danger -of leveling offitoo suddenly 1s increased by
great contrpl fdrces. This is " always the case, when the
~gtalte of equilibrium with frée elevator lies-at roelative~
ly large l1l1ft coefficlents. If the elevator should dbe
released in flight at high speed, le.e,, with low 1l1ft co=
efficlent, the airplane would automatically tend toward
1ts.state 6f equililidbrium at a large anglo of attack. At.
high’speed the forcos on the control stick are thorefore:
4n the diroctlon of the control -motion. of leveoling off,y ':
In:order ‘to levol off slowly, ‘the.pilot must opposc-theegd
iforces. Grodt-control-forces would theroforo make 1t'mo=o
difficult to 1eve1 off slowly. e . Sl
. RN
-Fe .,Although the stabtlity of ecrobeatic airplanee shdul&
.not be.'oxdogsivé, :1t. should, however, covor tho .whold: .-
#Llght<rangoe, eospsclalily ‘as rogards splnning, 'and.-tho - °
charige "in rthe. oqu&librinm with fizod control ehould bo- ‘ag
small.iasg poaaible..“ oo _ ol Vlhuas
DL R LI : ol BERELIFENY ;9“'1Jr
u:f el . IR Y o SR T
24 The Bohavtor of Airplanoe about Their .V rﬁ N R
L 'f e e and Longitudtnal Axos.-: L ;;;
s+" ¥ha development of tha charactorietics ap regarde
thn ‘vértical and longitudinel axes of an airplatie hdd not
progressed very far at the ‘end of -the war. The. workd of:
Reissner and:Gehlen on the.combined stability adboub-these
axes, which are being studied at the present.tine, .did i
not receive much consideration at that time.

. Individual stability about the vertical nnd 10ngi€u~
dinsl axes.was only accidentdally present in a-few'casdcs.
At the .end of the war, most alrplanés. wére dapparently :- dn-
stable or at bdst. noutrally stadvle. in. yaw for theiruddérs
woro almost incomprehensibly small according. it ‘presont ..
concoptions. 4s &n' 6xample, .figure 6 shéve: 'sida viows' of
the same airplenes de.shdwn"in .figurg:l 'and.&1lsé on-thes
samé scale., The older airplanes -aré seen to 'have: smaller
vertical tall-surfaces and shorter fuselagee.-u"'
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Yisibility rather .than, aorodynanic consldorations.
mayahave been giwon more- woight .during -the war 4n détor-
minihg the dihedral and’ sweepbaok of ‘the wings. According
to present conceptions the lateral ‘control was inefficlent
end the .control forces excessive,  Atteatlon has already
bean pnllei to the principal reasonp, the long chord and
the shprt span of the pllerons.

La rega:dp the effiaiency of the allerons and rudder’
and the_rpduction of the control forces, very great prog—
ress has been. hade. ‘Bredt bdt not insuperable difficul-
_ties are stiIl’ encdguntered 1in adjusting the effect of the
individual controls. - Ap *ogards the stability about the
vertlical and longitudinal axes, the development 1is yet very
incomplete. .

" The specifications of the D.L.A. .require stability
about every axis in cruiping flight, 1.e.,, at small 1ift
coefficlents. They recommend for commercial airplanes si-
multaneous stadility about both axed, 1.0., lateral sta-
b1llty according to Relssner and Gehlen, This reguiremont
had already been fulfilled by a commercial airplane, the
BIW-~-M 20, before 1t was recommended in the specifications.
Lateral stability assumes the existence and the harmoniz-
ing of the individual stabilities about the vertical and
longitudinal axes.

4ds shown in the left-hand part of flgure 7, the sta-—
billity about the vertical axies, with convontlonal sur-
facos, decreases as the 1ift increases. At high 1ift co-
efflclents, however, the atability about the vertical axls
should be great. Otherwilise umnintentional yawing and skid-
ding occur at large angles of attack, Due to these mo-
tions the flight speed diminishes very quickly and tilting
motione occur (chiefly about the longitudinal axis), fol-
lowed by a spin. It has therefore been sought (and quite
successfully) to extend the stabillity about the verticael
axls to large argles- of attack by avoiding blanketing of
the rudder as rruch as possible., The Focikie~-Wulf canard,
whose characteristics correspond to the requirements of
alrworthiness, was made very stable about the verticel
axles by the use of special devices up to anglea of attack
greater thaen’ those of maximum 11ft.

""" THe d1ettrbing efféct of the propeller slipstream on
tho behavior of .the airplane with respect to the vertical
axis 1s likewisse noticeable. With varilation in the coef-

;o -
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ficient of.propeller:.advange, the:spiral motion of the -
slipstream changes: and consequontly the etate of equilib—
.rium -about. the vertical exis.-.

. The right-hand pert of figure 7 shews the rndder de-
flection required for straightaway flight. 'With tlosed
throttle only small deflections (alternately left and
..vight with lncreaslng- 11ft) are required for keeping the
~alrplane on a stralght course. At full throttle, on the
gontrary, the requisgite rudder deflectlon constantly in-

. croases- in the same directlion. . At maximum 11ft full rud-

der deflectlion 1s neceseery on many airplanes for straight-

.. awey flight.

Considerable improvement can be effected by extending
t4:e rudder-below, as.well as above, the propeller axis.
Such rudders, which would be installed symmetrically to-
the propeller .axis, might consideradly Ampreve the control-
lebility even ln, taxying. and especially on water. ’

Attempts 1111 probably .be nade to. counterbalance the
varidtion of the .state of equilibrium -about the.vertical

"‘axis by the use of vertical fina adjustable during flight.

Existing difficultiee can be overcorie only in part by this
means, which ig to be recommended for counterbalancing the
turning moment on a mnlti—engine airplane when one of the

oengines stope. . e .

The effect of the slipstream seems to make for unsyn—
metrlical stabllity .about the vertical axie., MNany airplanes
.behave differently, according to whether.they are disturbdbed
on the left or on the right. With such dissynnetry the ad-
vantages of the stability are not fully realiszable., 'This

"‘condition can be remedled only by making the airplane syn—

:metrical, at least with respect to the air flow. Such
symnetry may perhaps be attainwd on a single-~ongine air—
plane by elimlnating the spiral motion of the slipstream
by means of guide vanes. .British tests 'show that guch
gulde vanes, desplte their resistance, improve the flight
performances. It might be well to emulate the British ex—
ample. and endeavor, as soon 'as possibdlé, to obtain symmé~
try of alr flow on a single~engine.airplane. -

) The recommendation to lock -tlhe .elevator :for -oQUmer-
elal flights .applies als6- to sthe rudder., Attention g -
called to the fact that the foct control is too crude for
the accurate maintenance of a given course and that an at-—
tempt wlll probadbly be made to develop a fine adjustment
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device for the rudder which cqn be oPerated by hand.

Stability about the longitudinal axls 1s obtalned by
the dihedral or sweepback of the wings. This stability’
decreases, however, with - increasing 1i1ft. In present-
day airplanea thia; stability is .attalned only for small
1ift coefficients. If 1t 18 to De extended to larger an-
angles of attack, the. dihedral must be much greater than
hitherto. : Y -

It may be assumed that commercilal airplanes of the
future will have great longitudinal and laterel atability.
It will be necessary to.bring them into harmony with one -
another, since the longitudinal and lateral movements are
interdependent. 1It.has bPeen found that laterally stable
airplanes after disturbances, while returning to thelr
original state of squilibrium 1in turning adout thelr ver—
tiecal and longitudlnal axes, also rotate about thelr lat-
.ernl.&xes, . This couses considerable variation in the lon-
g€ltudlinal attitude, speed, and flight .altitude. Perhaps
this coordination of the lateral and longitudinal motions
1s .2 result. of. .the gyroscoplc moments of.the propeller;
perhaps, by a corresponding coordination of the -individual
stabilities, 1t can be so0 adjusted that the longitudinal
ogclllations, will be small,

.. The ultimsdte goal is an airplane whose operation does
not require continuous manipulation of the controls for
malntalnling 1ts equllibrium, but only in "directing," i.,e.,
to keep on the desired course. Even this task of the pi-
1ot will be greatly lightened by the use of automatic
course controls.

Laterally stable airplanes are characteriged dy a pro-
nounced dlhedral or sweepback of the wings and by great
damping but moderate stability about the vertical axis.
Both these conditions require large rudders .and long fuse-
lages, when the fuselage types have no inherent stability.
The rudders and fuselages willl be similar to those of the
Messersehmidt and Rohrbach airplanes.

':_3- Behav;or-at-Large.Anglés.of Attack

The dangers of flight at large angles of attack are
well known. .Although they have been reduced in recent
airplenes, they are stijl present to a considerable degree.
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itk increasing angle of attack, =" already mentionsed,
the longitudinal stabllity decreases at full throttle and
-inoreases~-with.closéd throttls, while the etability about
the:lengitudinal axls and abéut- ‘the vertital axis de~
croapep.. Moreover, with in6redsing 11ft'‘ the damping
about the. longitudinal axis diminishes”so-rapidly thab 1t
.reaehes zero in the vicinity of the mazimum lift. '
Acaording to how rapidly the various stability char-
acteristice change, the following phenomena will occur in
gradual etalltng ﬁ _ . . e,
a) On pulling the elevator contrbl. the airplane "
e pitchee suddenly forvard; ; . _ .
.. b)) The airplune yaws.'eki&e. 1osée epee& and eide—
P Lo Hlipﬂ. Lo . -

. '. *
- - . oot

-_-- . 0) The airplane-tips eidewiee Without previuuq yawing.
A due: to the décrease in the damping about thd lon-
&imu&inal axdn.-'1: .- ) o T
L All thﬂee phencmana ‘gare alﬂke ﬂangeroue. eqpecially
at a low altitude, It 1ps'-dedirdblé that’ neithe¥ ‘of the '
described phenomena shall occur, -ls0.) that staﬁility
and equillibrlium about all the axes shall exlst at gll at-
;. tainedle angles uf-attatk., "It will not be poeuibld‘to at~
" tadn thie: goal -in' the meoar futurse, eince-the totpl'lift
range of the wing muet be utilized.

P :“" w

b

’ -The immediate goal is the preventibn ‘of sud&en ‘turns
and the obtention of control effects meking: 1t possible
to counteract every unstabdle motlion. Horeover, there will
. always be & universsl .endeavor to extend the- damping about
the longitudinal axie up to the maximum lift bf the wing.

' ";i..Landing Qharucterihﬁl%é}

. LTI
-

Wlth perfect flight characteristics, the difficulties
of landing depend on the landing speed, the length of the
landing run and the-smallnéss. .of tHe path afigle just be-
fore landing, BEven at high wing loading, the landing
speed 1s now kept within safe limits by the uee, of wings
with high maxirum .1ift. ‘The landing ruﬂe are“éhorten 4 by
the mee,.of,mheel. brakes:.' With tHe int¥éise in-thé ae; g
cd¥ynamie refinement of difplanem thé F1EENt'path jdst-be- "
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fore. landing has ' conetantly gfowi flatter. Tﬁqfe-@re two
ways to ehorten thbldhding glide: f:._ m;,: L DU
2 a) Landing iu the stalled coﬂdi#iOn Dby making thé an~
gle of glide greateﬁ #han in ﬂnrmal ilight- t
- . b) Using . devices for ibrwint the angle of glide wifh—
- . dut eihaeding .the mdximum liﬁlf'-
- Loros . ud ogna, tedns o TR L
Landing in stalled flight assumeg adequaﬁe cbﬂ%roIT'-
bility in thils condition. Thls stage of development hasg
not yet been even approximately attalned. ZXZven with ade-
quate controlladbllity, the difficulties of such a 1anding
would be great, slnce the levbling off!would have to be~
accomplished by reducing the dngle of attadk.

-
L

Quicker practical results can be expected from the
second method, varying the angle of gllide dy special con-
trols without leaving the range of normal flight, Such a
control, with the ald of which the 11ft distribution and
consequently the induced drag can be aljered, was developed
and tested by the D,V.lL. according to Hubner's speciflca~-
tlons, This device, although in & simple experimental
form, enabled a variabllity of over 60 percent in the an-
gle of glide and over 40 percent 1n the length of the land-
ing glide. The control of such a device 1ls very much sim-
pler than landing in a stalled condition.

III, CONCLUSION

I think I have mentioned the most important problems
in the lmprovement of flight characteristics. They are:
the extension of stability about the airplane axes to the
whole flight reange; coordination of the individual stabil-
lties for obtaining stadbility of coordinated motions; dim—
inution of the disturbing effect of the sllpatream; and
increasing the range of the angle of glide,

The immediate goal of these problems is the develop—
ment of flight characteristics in the-direction of increas-
ing the safety. The considerations apply, however, only
to alrplane typeg whose behavior is well known, l.e., %4
airplanes of the eonventional type and %o the canard type.
Tor the deyelopment of the tailless and windmill (autogi;o)
airplane types, the knowledge of their properties and pos~-
81bilitlies 1s stil) inadequate, .
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‘When I seld that the characteristics of the conven~
tional and canard types are known to us, I had in mind
the progress made since the war. ¥e are now able to de~
termine the characteristics of an airplans qualitatively
or quantitatively and thereby to promote development in
the directions shown by practical experlience to be the
most expedient. My department 1s cooperating in thils de-
velopment by determining the characteristics of the air-
planes and clarifying their relations to the asrodynam-
ic stresses.

Tpanslatlon by Dwight M. Mlner,
Naetional Advisory Committes
for Aeronautics.
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